. Purpose: The purposes of this project were to assess the effect of four different shoe inserts on the path of the center of pressure (COP), to quantify the effect of these inserts on selected knee joint moments during running, and to assess the potential of COP data to predict the effects of inserts/orthotics on knee joint moments. Methods: Kinematics for the lower extremities, resultant ankle and knee joint moments, and the path of the COP were collected from the right foot of 15 male subjects while running heel-toe with five different shoe inserts (full or half with 4.5-mm postings). Results: Individual movement changes with respect to the neutral insert condition were typically small and not systematic. Significant changes for the path of the COP were registered only for the full lateral insert condition with an average shift toward the lateral side. The mediolateral shift of the COP was not consistent for the full medial and the two half-shoe inserts. The subject-specific reactions to the inserts' intervention in the corresponding knee joint moments were typically not consistent. Compared with the neutral insert condition, subjects showed increases or decreases of the knee joint moments. The correlation between the individual COP shifts and the resultant knee joint moment was generally small. Conclusion: The results of this study showed that subject-specific reactions to the tested inserts were often not as expected. Additionally, reactions were not consistent between the subjects. This result suggests that the prescription of inserts and/or orthotics is a difficult task and that methods must be developed to test and assess these effects. Such methods, however, are not currently available.
S
hoe inserts and foot orthotics have been advocated and successfully used for many years for sports and other physically intensive activities (4, 9, 30) . Their administration or prescription has been and is done for many different reasons, including reducing the frequency of movement related injuries (10) , aligning the skeleton properly (11, 16) , providing improved cushioning (11) , improving comfort (26) , improving the sensory feedback (25, 27) , reducing muscle activity (18) , correcting the center of the path of the pressure (COP) (15) , and/or reducing the knee joint moments (32) . This paper concentrates on the effects of shoe inserts on the alignment of the lower extremities, the correction of the path of the COP, and the reduction of ankle and knee joint moments. The alignment concept, the concept that shoe inserts and orthotics minimize extreme joint amplitudes in the frontal plane, has successfully been used for the clinical population (e.g., 15). However, there is no concluding evidence that this alignment concept is equally successful for the healthy population (19) .
Shoe inserts, orthotics, and braces are used to reduce the loading in the structures of interest. They often attempt to reduce the loading in and around the ankle and the knee joint. The variable most likely relevant for joint loading is the resultant joint moment (1) . Ankle joint moments have, to the author's knowledge, not been associated with the development of ankle joint injuries. However, it has been speculated generally that high knee joint moments with respect to tibial ab-adduction and tibial rotation are associated with the development of knee injuries (12, 17, 29) . Specifically, it has been shown in a prospective and a retrospective study (32) that knee joint moments are associated with the development of patella-femoral pain syndrome. Thus, in cases of overloading or injuries, one may want to reduce these knee joint moments and the corresponding internal forces and stresses. Possible strategies include braces (7) and shoe orthotics or inserts (3, 6, 8, 13, 18, 21, 23, 31) . Orthotic interventions are sometimes constructed and validated based on measurements of the COP between the foot and the shoe sole (5, 14) . However, it is not known currently (a) how various shoe inserts/orthotics do affect ankle or knee joint moments, (b) how large these changes are, (c) whether these effects are consistent for all subjects, and (d) whether the pressure distribution between the foot and the shoe can be used as an indicator for the effect of inserts/orthotics on knee joint moments.
Thus, the purposes of this project were to quantify the effect of four different shoe inserts (a) on lower extremity kinematics, (b) on the path of the COP, (c) on ankle and knee joint moments, and (d) to assess the potential of COP data to predict the effects of inserts/orthotics on knee joint moments for heel-toe running.
Specifically, the following hypotheses were tested. H1: The four shoe inserts produce systematic changes in the path of the COP during running. H2: The four shoe inserts produce systematic changes in ankle and knee joint moments during running. H3: The path of the COP as a result of shoe inserts can be used to predict changes in knee joint moments.
METHODS
Fifteen male subjects participated in the study. All subjects were free from recent lower-extremity injury or pain. Informed written consent in accordance with the University of Calgary's Ethics Committee was obtained from all subjects.
Data were collected on the right foot of each subject while running heel-toe with five different shoe inserts in a running shoe (Adidas Universal, size 9.5 or 10.5 U.S.). Four shoe inserts were prepared by a podiatrist using EVA material (shore C 80) and are called insert conditions in this text. All insert conditions had 4.5-mm postings, either medially or laterally. The four insert conditions included full lateral, full medial, half lateral, and half medial (Fig. 1) . One shoe insert consisted of the neutral insert that was delivered with the shoe. This condition is called the neutral condition in this text. The inserts were placed in the shoe underneath the sock-liners. The order of the insert and neutral conditions was randomly assigned and five running trials (4.0 Ϯ 0.2 m·s Ϫ1 ) were collected for each condition. The running speed of the subjects was monitored with photocells placed before and after the force plate.
Kinematics and kinetics. Ground reaction force data were collected with a Kistler force platform (Kistler AG, Winterthur, Switzerland) sampling at 1200 Hz. Kinematic data were collected simultaneously with the kinetic data using a Motion Analysis six video camera system (Motion Analysis Corporation, Santa Rosa, CA) at 240 Hz. Spherical reflective markers were placed on the thigh, shank, and shoe for kinematic data collection. All data were filtered using a low-pass fourth-order Butterworth filter. Cut-off frequencies were 12 Hz for the video data and 100 Hz for the force data. For the stance phase of running, data were normalized to 101 points.
COP. Pressure distribution data under the plantar surface of the right foot were collected with a PEDAR (Novel, Munich, Germany) pressure insole system with 99 sensors. Five trials were collected for each insert condition at a frequency of 99 Hz. All COP data were normalized to 101 points corresponding to the stance phase of running. The variable used to describe the change in the COP path was the average mediolateral shift of the COP path, ⌬x med-lat , with medial defined as positive (Fig. 2) for the initial, ⌬x medlat(init), and the stance phase, ⌬x med-lat (mid). The initial phase was defined from 10% of ground contact to the time point when the COP path crossed an arbitrarily defined longitudinal shoe midline. The stance phase was defined from the end of the initial phase to 90% of ground contact.
Ankle and knee joint moments. A standing trial with additional markers before each set of running trials was used to define the joint centers. Additional markers were placed on the medial and lateral malleoli and the Achilles tendon to define the ankle joint center. Additional markers were placed on the lateral and medial epicondyles and the middle of the patella to define the knee joint center. A standard inverse dynamics approach was used to calculate resultant joint moments at the knee joint (Kintrak 6.0, The University of Calgary, Calgary, Canada). An average of all five trials collected was used for analysis. The variables used to de- scribe the knee joint moments were the maximal moment for knee abduction, M ab , the maximal moment for external knee rotation, M exrot , and the changes of these moments due to the insert intervention (insert Ϫ neutral), ⌬M ab and ⌬M exrot .
Correlation between COP and knee joint moments. The correlation between the mean change in the path of the COP (from 10 to 90% of ground contact) and the mean change in the knee joint moments was determined for each individual subject. These correlations included five conditions per subject, with each condition representing one insert condition.
Statistics. Differences between insert conditions were determined using a paired t-test with a confidence level of P Ͻ 0.05.
RESULTS

Movement
Significant changes for movement variables compared with the neutral condition were registered for several insert conditions.
Plantarflexion. The initial plantarflexion angle (angle between the sole of the shoe and the leg) was higher for the full medial (ϩ1.2 Ϯ 1.1°) and the full lateral (ϩ1.0 Ϯ 1.4°) insert condition. The maximal plantarflexion position was higher for the full lateral (ϩ0.7 Ϯ 1.3°), the half medial (ϩ0.9 Ϯ 1.1°) and the half lateral (ϩ1.1 Ϯ 1.5°) insert condition. The total plantarflexion movement was lower for the full medial insert condition (Ϫ0.9 Ϯ 1.3°). However, these differences were small.
Shoe-leg in-eversion. The initial shoe-leg inversion position was higher for the full lateral insert condition (ϩ1.8 Ϯ 2.1°). The maximal shoe-leg eversion position was smaller for the full medial insert condition (Ϫ1.5 Ϯ 1.3°). The total shoe-leg eversion movement was smaller for the full medial (Ϫ2.0 Ϯ 1.5°) and higher for the full lateral (ϩ2.1 Ϯ 1.7°) insert condition.
Individual movement changes with respect to the neutral insert condition were typically small and not systematic. The percentages of subject-insert combinations that showed changes that were higher than an arbitrarily selected limit of 3°were 3.5% for initial dorsi-plantarflexion position, 3.5% for maximal dorsi-plantarflexion position, 12.3% for total plantarflexion movement, 14.0% for initial foot-leg inversion, 3.5% for maximal foot-leg eversion position, 15.8% for total foot-leg eversion movement, 26.3% for initial knee angle, none for maximal knee flexion, and 19.3% for total knee flexion movement. Thus, the largest effect was on the initial knee flexion and on the total knee flexion movement.
COP
Compared with the neutral insert condition, significant changes for the path of the COP were registered only for the full lateral insert condition. The initial mediolateral shift (mean and SD) of the COP, ⌬x med-lat (init), was consistent for all subjects (Ϫ2.3 Ϯ 1.8 mm). The shift was toward the lateral side. For the same insert condition, the mediolateral shift of the COP during the midstance, ⌬x med-lat (mid), was consistent for all but one subject (Ϫ1.1 Ϯ 1.2 mm). The average shift was toward the lateral side.
The mediolateral shift of the COP was not consistent for the full medial and the two half shoe inserts (Fig. 3) . Some subjects showed a medial and some a lateral shift of the COP. Thus, hypothesis H1, stating that the four shoe inserts produce systematic changes in the path of the COP during running, was supported for the full lateral insert but must be rejected for the other three inserts.
Moments
Significant changes for ankle and knee joint moments compared with the neutral condition were registered for several insert conditions. Compared with the neutral insert condition, the maximal ankle joint inversion moments were significantly smaller for the full medial insert condition (Ϫ3.4 Ϯ 5.9 N·m). Compared with the neutral insert condition, the mean changes for all insert conditions (Fig. 4) were less than 2% for the knee extension moments and less than 7% for the knee abduction moments and not significant. The only significant group change due to inserts was measured for the maximal external knee rotation moment. Compared with the neutral insert condition, it was 27.6% higher for the full medial insert condition (ϩ 3.6 Ϯ 3.2 N·m) but less than 10% and not significantly different for the other insert conditions. Thus, hypothesis H2, stating that the four shoe inserts would produce systematic changes in ankle and knee joint moments during running could only be supported for (a) the ankle joint inversion moment for the full medial insert condition (corresponding to a decrease) and (b) for the external rotation knee joint moments for the full medial insert (corresponding to an increase) and could not be supported for the other insert interventions.
Individual moment changes with respect to the neutral insert condition were different for each rotational moment axis. The percentages of subject-insert combinations that showed changes that were higher than an arbitrarily selected limit of 10% were small for the maximal ankle plantarflexion moment (7.0%) and the maximal knee extension moment (12.3%). They were substantial for the maximal ankle inversion moment (57.9%), the maximal ankle adduction moment (78.9%), the maximal knee abduction moment (47.4%), and the maximal external knee rotation moment (75.4%).
However, the subject specific reactions to inserts in the knee joint moments were typically not consistent. Compared with the neutral insert condition, subjects showed increases or decreases of the knee joint moments. The corresponding numbers for the maximal knee abduction moment were 9/6 (9 increases and 6 decreases) for the full medial, 9/6 for the full lateral, 5/6 for the half medial, and 7/8 for the half lateral insert condition. The corresponding numbers for the maximal external knee rotation moment were 13/2 for the full medial, 9/6 for the full lateral, 6/5 for the half medial, and 6/9 for the half lateral insert condition (Fig. 5 ).
COP and Knee Joint Moments
The correlation coefficients between the shift of the COP and the changes in knee joint moments were not consistent. Most subjects showed a low correlation between the COP shift (initial, stance, and total) and the change in moments, and only a few showed a high correlation (Table 1) . Thus, hypothesis 3, stating that the path of the COP as a result of shoe inserts can be used to predict changes in knee joint moments, could not be supported.
DISCUSSION
Thus, the purposes of this project were to quantify the effect of four different shoe inserts on lower-extremity kinematics, on the path of the COP, on ankle and knee joint moments, and to assess the potential of COP data to predict the effects of inserts/orthotics on knee joint moments for heel-toe running. The findings of this study revealed some expected and many unexpected results. The effects of the chosen insert interventions on the individual movement characteristics were small and not systematic. This result is in agreement with the results of many previous studies (8,13,18,20 -23,30) . One may speculate that these small changes in kinematics due to the used shoe inserts is another support for the concept that the skeletal movement for a given movement task (e.g., heel-toe running) is preprogrammed (19) and that the goal of aligning the skeleton is not achieved through insert interventions in the normal healthy population.
Another surprising result was the reaction of the individual test subjects with respect to the path of the COP. We expected that the full lateral insert would shift the COP path to the medial side. However, the opposite was the case (Fig. 3) . All but one subject reacted to the full lateral insert condition by shifting the COP path laterally. Thus, the intervention produced exactly the opposite result than expected. For the other three insert conditions, the reactions were randomly scattered. Thus, the results of this study suggest that insert strategies such as the tested medial or lateral postings cannot be used consistently to shift the COP path into a desired direction. In some cases, the subjects reacted as expected. However, in about 50% of all cases, the subjects reacted exactly opposite than expected.
The subject specific changes in the ankle and knee joint moments for the various insert interventions were not systematic. The relative changes were small for the foot plantarflexion and for the knee extension moments, the moments that are primarily responsible for the movement task of running. However, the effects were substantial for the ankle inversion and the ankle adduction moments, and for the knee abduction and the external knee rotation moments. The ankle inversion and adduction moments are much smaller than the ankle plantarflexion moments. The knee abduction and external rotation moments are much smaller than the knee extension moments. One may argue that the larger moments (ankle plantarflexion and knee extension) are primarily responsible for the actual locomotion, whereas the smaller moments are primarily responsible for the dynamic stability of the lower extremities. The result that was probably most surprising was that only one insert intervention, the full medial insert, produced a reaction that was consistent and significant (Fig. 4) . However, the full medial insert produced a significant increase (not decrease) in the external knee rotation moment. Thus, the conclusions from these results is (a) that the tested insert interventions did not affect the ankle and knee joint moments responsible for the actual locomotion, (b) that the selected interventions affected the ankle and knee joint moments more associated with the dynamic stability, and (c) that none of the tested insert intervention could be used consistently to reduce knee joint moments. Different subjects reacted differently to a specific insert intervention, and the reaction cannot, at this point in time, be predicted and the authors do not have a conclusive explanation for the results.
One of the goals of this study was to establish the relationship between the measured COP path and the moments for knee abduction and external knee rotation. Knee joint moments have been shown to be associated with the development of patellofemoral pain syndrome (32) . However, the results of this study showed no correlation between changes in the path of the COP and changes in knee joint moments. Thus, isolated results from pressure distribution at the plantar surface of the shoe should not be used to predict changes in knee joint moments.
The reaction of subjects to insert interventions is influenced by many different factors, including mechanical (3,9,14,31), neurophysiological (2, 5, 24, 28) , anatomical, and maybe even psychological. Different subjects use different strategies, and it has been shown in this study conclusively that identical insert interventions produce substantially different results for different subjects. It is suggested that there are groups of subjects (functional groups) that produce similar reactions to specific insert interventions. Thus, it is of importance that future research concentrates on identifying these functional groups). Insert prescription is done frequently with success. However, predictions of the effects of specific insert interventions are currently not possible.
The results of this study also showed that subject specific reactions to the tested inserts were often not as expected. Additionally, reactions were not consistent between the subjects. This result suggests that the prescription of inserts and/or orthotics is a difficult task and that methods must be developed to test and assess these effects. Such methods, however, are not currently available.
